Introduction
Combustion is a very complex physical and chemical reaction in combustor of the aircraft engine, and different from gaseous fuel diffusion combustion, because it contains the liquid fuel atomization. Liquid fuel combustion contains gas liquid two phase combustion. Fuel must atomize at first, evaporate, and mix with air. It is often close to evenly mixed gas combustion, and also has the diffusion combustion of the gas fuel, the diffusion combustion of the oil droplet and the combustion of oil droplet groups [1, 2] . With the development of computer, the numerical simulation of gas flow, heat transfer and chemical reaction as an appreciate tool can effectively reduce the research cost and shorten the cycle, so that it becomes the main means of research [3, 4] . Numerous simulation has been made to investigate the liquid fuel combustion process. Saario [5] simulated the flow in cylindrical combustor using different turbulence models. The results show that the RSM model is more suitable than the standard k-ε turbulence mode for the simulation of high strong swirl-flow combustion chamber. Som [6] studied liquid fuel combustion and injection characteristics of the gas turbine combustor with different pressures and swirl velocities. The results indicate that increasing vortex reduces the combustion efficiency under the condition of low pressure, while high pressure has reverse trend. Zhou [7] studied the effect of swirl number on NO generation of turbulent combustion, The results show that with the increase of swirl number (from 0 to 1), the thermal NO emission rose firstly and then decreased, while the total NO and fuel NO emission showed a trend of decreased firstly and then increased. Guo [8] used Euler model to simulate the droplet size distribution with reacting. The simulation results show that with the increase of droplet size, droplet heating rate decreased gradually, and the existence of the droplet area and survival time increased gradually. Ma [9] simulated the flow and liquid combustion in a single venturi oil burner, and provided the velocity distribution, temperature profile which is useful for the design and operation of this type of fuel boiler. Oefelein [10, 11] used different turbulence models and combustion to simulate the spray and combustion processes. The present study is to simulate lean direct injection (LDI) combustion chamber, validate the turbulence model, combustion model and heat transfer model, and then analyzed the effect of droplet groups and the velocity profile in non-reacting flow and reacting flow.
Numerical Simulation

The Combustion Chamber Structure
The combustion chamber geometry is based on a single head rectangular combustor used in Davoudzadeh's [12] experiments. The size of the chamber is 50.8 mm × 50.8 mm × 304.8 mm, which consists of air inlet passage and rectangular combustion chamber. The air inlet passage is composed of an upstream air swirler and a converging-diverging venture section. There are six vanes with an inside diameter of 8.8 mm and an outside diameter of 22.5 mm (shown in figure 1 ). The installation angle of the swirl blade is 60 degree, and the swirl number is 1. 
Mesh
Ansys ICEM was used to mesh with hexahedral structured grid, and the total cells are about 520 thousand, as shown in figure 2.
Boundary condition
According to the experiments [13] [14] , the inlet boundary is set as velocity inlet, and the speed is 20.14 m/s with axial direction. The inlet temperature is 294.28 K. The flow pressure is atmospheric pressure. The turbulent kinetic energy (K) and the dissipation rate (ε) are calculated as1.3383 and 2.015.
The exit boundary condition is set to be the pressure outlet. The return flow turbulence intensity and hydraulic diameter are 10 % and 50.8 mm, respectively. The discrete phase boundary condition of inlet and outlet is set as escape. The wall is set to be smooth and without slip.
Results and Discussion
Turbulence model
Turbulence is important in computational fluid dynamics, and its salient features are random and non-constant, so it is difficult to predict the theory. It is necessary to put forward various assumptions on the transport process of turbulence, and link the various physical quantities in the turbulent transport process with the time-averaged flow field. Thus turbulence model is proposed.
In this study, realizable k-ε turbulence mode which is suitable for strongly swirling flow is validated on the basis of numerical simulation of Wu [15] . The computed components of the velocity along the x-coordinate is compared with the measured data for several axial stations, as shown in figure 3-5. Obviously, the numerical simulation results are in good agreement with the experimental data.
In Figure 3 , it can been seen that at 5mm downstream, the axial velocity profile shows an asymmetry image, which means the air inside the swirler doesn't mix well. The velocity distribution at this axial location is not uniform. As it is far away from the swirler, with the influence of its exit velocity, the velocity distribution decreases and becomes "U" type distribution. Figure 4 shows that the radial velocity at the inlet of the combustion chamber is relatively large, and thus the large recirculation zone in the central area is generated. Then radial velocity decreases downstream the flow. Figure 5 shows that at the exit of the near swirler, the swirling flow is strong, so the tangential velocity is large. Same as radial velocity, the tangential velocity decays downstream. 
Combustion and Radiation models
The main reacting models include chemical transport model, non-premixed combustion model, premixed combustion model, partial premixed combustion model and so on. For present study, the flame is a typical turbulent diffusion flame. Thus we use non-premixed combustion model. DO radiation model which is applicable to combustion is used.
In Fluent, the liquid fuel C 12 H 23 is adopted as kerosene used in experiments. The mass flow of the fuel is 0.415 g/s with the inlet temperature 300 k. The spray cone angle is 90º. Figure 6 shows that comparison of temperature distribution with the experimental data along the center line. It can be seen from the figure that the calculated temperature distribution differs from the experimental data. The calculated temperature is higher than the experimental results. In fact, these deviations are caused by the thermocouple (when the temperature is greater than 1500 k) to produce a lot of heat loss and makes the measured temperature lower nearly 200k [16] . Compared temperature distribution with the experimental data at the centerline Obviously, it can be found that the calculated results are in good agreement with the experimental data. Therefore, non-premixed combustion model and DO radiation model is reasonable. Figure 7 and 8 shows axial velocity contours of the non-reacting and reacting at central plane. From the figures, we can find that in the center of the combustion chamber region there is a recirculation zone which is conducive to the ignition and combustion stability. The recirculation zone of reacting state expands in the radial direction and shrinks in the axial direction comparing with non-reacting case. In order to clearly analyze the velocity distribution difference between non-reacting and reacting flow, the numerical simulation results of the non-reacting and reacting flow and experimental data were compared in figures 9-11. Figure 9 shows comparison of reacting and Non-reacting axial velocity distributions. For instance, the axial velocities at X=-10 mm and X=5 mm are about -4 m/s, -8 m/s, respectively, while in the reacting flow they are 18 m/s, 13 m/s, respectively. It means that the heat release from the combustion intensifies the gas molecules thermal move, which causes the gas expansion and the significant gas velocity increase. The increase of axial velocity inhibit the recirculation zone length, and then the length of recirculation zone becomes shorter, as shown in figure 8 . Figure 10 shows non-reacting and reacting radial velocity distribution at different axial positions. Similar to axial velocity, the reacting gas has higher velocity values than non-reacting flow due to heat release and gas expansion. The increase of radial velocity make recirculation expand in the radial direction as shown in Figure 7 and 8. At Z=5mm, reacting and non-reacting velocity profiles show the expansion, but the peak velocity of reacting case is higher compared with the non-reacting case. At Z=29mm downstream, radial velocity changes direction. Figure 11 shows the tangential velocity distribution of the non-reacting and reacting cases at different axial positions. Both tangential velocities have the same trend, and the magnitude are nearly same. It indicates that the heat release has little effect on the tangential velocity. 
Comparing velocity distribution of the non-reacting with reacting flow
Conclusions
Non-reacting and reacting flow in LDI combustion chamber were numerically simulated, the results show that: Realizable k-ε turbulence model, non-premixed combustion model and DO radiation model are suitable for numerical simulation of strong swirl combustion chamber, and the results of computation are in good agreement with the experimental data Velocity of the calculation results and the experimental data indicates that axial and radial velocities in reacting case are higher than those of non-reacting case, while the tangential velocity has little difference for both case. Comparing with non-reacting case, the length of recirculation zone of reacting case is shorter.
